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(57) ABSTRACT

A thin film which comprises an organic metal salt or an
alkoxide salt or an amorphous thin film is formed on a sub-
strate, wherein each of the thin films enables the formation of
a Dion-Jacobson perovskite-type metal oxide represented by
the composition formula A(B,,_ M, 0;,.,,) (wherein n is a
natural number of 2 or greater; A represents one or more
monovalent cations selected from Na, K, Rb and Cs; B com-
prises one or more components selected from a trivalent rare
earth ion, Bi, a divalent alkaline earth metal ion and a
monovalent alkali metal ion; and M comprises one or more of
Nb and Ta; wherein a solid solution may be formed with Ti
and Zr) on a non-oriented substrate. The resulting product is
maintained at the temperature between room temperature and
600° C.; and crystallization is achieved while irradiating the
amorphous thin film or the thin film comprising the organic
metal salt or the alkoxide salt on the substrate with ultraviolet
light such as ultraviolet laser. In this manner, it becomes
possible to produce an oriented Dion-Jacobson perovskite-
type oxide thin film characterized in that thin film can be
oriented on the substrate in a (001) direction.

16 Claims, 2 Drawing Sheets
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1
ORIENTED PEROVSKITE OXIDE THIN FILM

BACKGROUND ART

The present invention relates to a technology to form a
(001) oriented oxide thin film on a non-oriented substrate.
More specifically, the present invention relates to a method of
manufacturing a (001) oriented Dion-Jacobson perovskite-
type oxide thin film and various perovskite-type oxide thin
films oriented in a (001) direction thereon and expected to
show high performance, and to a variety of perovskite-type
(001) oriented multilayer films highly oriented and expected
to show high performance, which are prepared by the manu-
facturing method.

In recent years, due to densely integrated electronic
devices as well as the development of the Internet driven
information society, advances in electronic materials used in
the materials for a display and electronics has been an urgent
issue.

Presently, there are an extremely large number of materials
having a crystal lattice called a perovskite type, among the
oxides used for electronic materials. Perovskite-type oxide
ABO, has a crystal structure in which the A ions (A is mainly
an alkali metal, an alkaline earth metal, a rare earth element)
occupy the space in the lattice formed by corner-sharing of
the B ions octahedrally coordinated by oxygen (B is mainly a
transition metal element) as shown in FIG. 1. Depending on
the valence number and the size of the A ion, the number of
the d electrons of the B ion is controlled and the distorted
crystal structure may change. These various control param-
eters are responsible for manifestation of physical properties
such as conductivity, dielectricity, emission characteristics
and magnetism, which are useful for applications. Therefore,
perovskite-type oxides have been extensively studied until
now.

In actual applications, these oxide materials are often used
in the form of a thin film. Usually, the higher the crystallinity,
the better the various physical properties become. This also
applies to perovskite-type oxides. An epitaxial thin film
manufactured using a single crystal substrate may often show
the best properties (Patent Literature 1). However, when
applied as oxide materials, a single crystal substrate is rarely
used, but non-oriented polycrystalline ceramics, a glass and a
polycrystalline metal substrate are usually used. Therefore, in
order to improve the properties of oxide thin film materials,
the improvement of crystallinity, especially technologies for
orientating crystal grains have been developed (Patent Litera-
tures 2 and 3). However, because many of conventional ori-
entation technologies mainly uses vapor phase methods such
as sputtering and the ion beam assisted method, film-forming
environments have limitations such as precise control of film-
forming atmosphere, and there have been problems in han-
dling of large-area thin film materials, product throughput
and the like. To date, as a method of producing a certain type
of metal oxide films, a method of manufacturing a metal
oxide and a metal oxide thin film by excimer laser (Excimer
Laser Assisted Metal Organic Deposition), which is highly
on-demand film-forming technique, is known (Patent Litera-
ture 4). The method comprises the steps of: dissolving a metal
organic acid salt or an organometallic compound M, R, (pro-
vided that M=a group 4b element of Si, Ge, Sn, Pb, a group 6a
element of Cr, Mo, W, a group 7a element of Mn, Tc, Re;
R=an alkyl group such as CH;, C,Hs, C;H,, C,H,, or a
carboxyl group such as CH,COO~, C,H,COO~, C;H,COO™,
C,H,;COO~, oracarbonyl group such as CO; whereinm, n are
integers) in a soluble solvent; alternatively if a liquid, using it
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as is; dispersively applying the solution on the substrate; and
then irradiating the substrate with the excimer laser in air.

The document describes a method of manufacturing a
metal oxide product, comprising the steps of: forming a metal
oxide on a substrate by dissolving a metal organic compound
in a solvent to form a solution; applying the solution to the
substrate; then drying the substrate; and irradiating the sub-
strate with a laser beam of a wavelength of 400 nm or less, for
example, excimer laser selected from ArF, KrF, XeCl, XeF,
F,. The document also describes that the irradiation with a
laser beam having a wavelength of 400 nm or less is per-
formed in multiple steps where at the first step of the irradia-
tion, the beam is weak enough not to result in complete
decomposition of the metal organic compound and the sub-
sequent irradiation is strong enough to allow the compound to
be converted into an oxide. Further, it is also known that the
metal organic compound is a compound of two or more
components comprising different metals; and the resulting
metal oxide is a composite metal oxide comprising different
metals; and the metal in the metal organic salt is selected from
the group consisting of iron, indium, tin, Zirconium, cobalt,
iron, nickel and lead.

For a perovskite-type oxide, known is a method of manu-
facturing a composite oxide thin film, comprising the steps of:
applying a precursor coating solution containing raw materi-
als of respective oxides of LLa, Mn and Ca, Sr or Ba on a
surface of a coating target to obtain a film; then crystallizing
the thin film formed on the coating target to form a composite
oxide film (which does not show superconductivity) repre-
sented by the composition formula (La,_M,) MnO,_5 (M:
Ca, Sr, Ba, 0.09=x<0.50), wherein after applying the precur-
sor coating solution on the surface of the coating target to
obtain the film, the thin film formed on the surface of the
coating target is irradiated with light having a wavelength of
360 nm or less to crystallize the thin film (Patent Literature 5).
The document describes that as a light source for irradiating
the thin film formed on the surface of the coating target, ArF
excimer laser, KrF excimer laser, XeCl excimer laser, XeF
excimer laser, third harmonic generation of YAG laser, or
fourth harmonic generation of YAG laser is used, and the
precursor coating solution to be applied on the surface of the
coating target is adjusted by mixing an alkanolamine coordi-
nation compound of La, a carboxylate of Mn, and a metal or
alkoxide of M in a primary alcohol having 1 to 4 carbon atoms
to allow a reaction. For a perovskite-type oxide thin film
which is a phosphor, in addition to a simple perovskite struc-
ture of the ABO; type, the document also describes a method
of manufacturing a thin film of a perovskite-related structure
called the Dion-Jacobson phase represented by the composi-
tion formula A(B,,_; M, O, ,,) (wherein n is a natural number
of2 or greater; A is an alkali metal ion; B comprises a trivalent
rare earth ion, Bi, a bivalent alkaline earth metal ion or a
monovalent alkali metal ion; and M comprises Nb and Ta;
wherein Ti may be solid soluted), or the Ruddlesden-Popper
phase represented by the composition formula A, (B,_
1M,,0;,,,,) (Patent Literature 6).

Patent Literature 1: Japanese Patent [aid-Open No. 2009-

70926
Patent Literature 2: Japanese Patent [aid-Open No. 2004-

530046
Patent Literature 3: Japanese Patent Laid-Open No. S63-

236793
Patent Literature 4: Japanese Patent [Laid-Open No. 2001-

31417
Patent Literature 5: Japanese Patent [aid-Open No. 2000-

256862
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Patent Literature 6: Japanese Patent [Laid-Open No. 2008-
75073

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

However, there has been no established technology to con-
trol thin film orientation for the Excimer Laser Assisted Metal
Organic Deposition using excimer laser. Further, there has
been no established manufacturing technique which can
manufacture a perovskite-type oxide thin film expected to
show high performance particularly on a non-oriented sub-
strate and a layered thin film material thereof by a simple
procedure at a process temperature of 700 degrees or below.

In view of this, the present invention provides a novel
manufacturing method capable of producing a perovskite-
type oxide thin film which is highly orientated on a substrate
and expected to show high performance using Excimer Laser
Assisted Metal Organic Deposition and the like even if the
substrate is a non-oriented substrate such as a glass and a
polycrystal substrate, and the present invention also provides
an oriented layered thin film material thereof.

The present invention also provides a novel manufacturing
method of producing a perovskite-type oxide thin film
expected to show high performance on a substrate and an
oriented layered thin film material thereof at a process tem-
perature of 700 degrees or below using Excimer Laser
Assisted Metal Organic Deposition and the like even if the
substrate is a non-oriented substrate such as a glass and a
polycrystal substrate.

Means to Solve the Problems

The present invention allows a perovskite-type oxide thin
film to be oriented using Excimer Laser Assisted Metal
Organic Deposition and the like. In particular, the present
invention provides an orientation technology to allow a per-
ovskite-type oxide to be oriented in a (001) direction. The
(001) direction in the perovskite-type oxide represents a
plane direction of Cube surface when the direction along the
c-axis, i.e., a perovskite-type structure is considered to be
Cube in the crystal structure shown in FIG. 1. In a cubic
crystal, the (100), (010) and (001) directions are equivalent.
Furthermore, even in the case of a tetragonal, an orthorhom-
bic, a triclinic, a rhombohedral crystal, the (100) and (010)
directions can be considered as equivalent to the (001) direc-
tion described above if each axis has an angle close to right
angle, provided that a lattice constant corresponding to one
side of Cube is within the common range of about 3.60 to 4.20
A in a simple perovskite structure. (A direction of actual
orientation is to be selected from (001), (100) and (010),
depending on the properties of crystal growth for a material.)

After extensive studies, the present inventors have found
that when forming a thin film of a Dion-Jacobson perovskite
substance using a certain film-forming method, a highly ori-
ented thin film in a (001) direction can be obtained even on a
non-oriented substrate such as a glass and a polycrystalline
substrate, and that the thin film is highly effective as a seed
crystal layer for obtaining a variety of highly oriented films of
perovskite substances. The present invention is based on
these findings.

Firstly, the present invention provides a method of produc-
ing a seed crystal layer on which a (001) orientation can be
stably formed in order to provide a (001) oriented film of a
perovskite-type oxide. A film of the Dion-Jacobson perovs-
kite substance described above is to be formed on a non-
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oriented substrate. The present invention provides a method
of forming an oriented Dion-Jacobson perovskite-type oxide
thin film, the method comprising the steps of: forming an
amorphous thin film or a thin film comprising an organic
metal salt or an alkoxide salt on a substrate, wherein the
amorphous thin film or the thin film can form a Dion-Jacob-
son perovskite-type oxide thin film represented by the com-
position formula A(B,,_;M,,0;,,,) (wherein n is a natural
number of 2 or greater; A represents one or more monovalent
cations selected from Na, K, Rb and Cs; B comprises one or
more components selected from a trivalent rare earth ion, Bi,
a divalent alkaline earth metal ion and a monovalent alkali
metal ion; M comprises one or more of Nb and Ta; and Ti, Zr
may be solid soluted); maintaining temperature between
room temperature and 600° C.; allowing a crystal to grow
while irradiating the amorphous thin film or the thin film
comprising the organic metal salt or the alkoxide salt on the
substrate with ultraviolet light such as ultraviolet laser,
thereby obtaining an oriented structure in a (001) direction on
the substrate. For convenience, the (001) plane of the Dion-
Jacobson phase is defined as a layered direction in which A
site cations are regularly aligned in layers as shown in FIG. 2.
With regard to a composition, crystal growth will not be
affected even if ion impurities are introduced in an amount of
about several percents in addition to the above composition.

Further, according to the present invention, a thin film of'a
metal oxide or an organic metal salt can be produced by any
of MBE, vacuum deposition, CVD, or coating-pyrolysis.
Moreover, according to the present invention, an organic
compound in the organic metal salt can be selected from
[p-diketonato, long chain alkoxide having 6 or more carbon
atoms and organic acid salts which may contain halogen.
Furthermore, according to the present invention, a pulsed
laser at 400 nm or less can be used as ultraviolet light. Fur-
thermore, according to the present invention, a thin film of a
metal oxide or an organic metal salt can be irradiated with
ultraviolet laser at temperature between room temperature
and 600° C. after the thin film is irradiated with an ultraviolet
lamp. Moreover, according to the present invention, a thin
film of a metal oxide or an organic metal salt can be irradiated
with ultraviolet laser at temperature between room tempera-
ture and 600° C. after the thin film is heated to temperature
between 300 and 600° C. Furthermore, according to the
present invention, a thin film of a metal oxide or an organic
metal salt can be irradiated at different fluences with a laser
beam having a fluence of 40 to 100 mJ/cm? or more after the
thin film is irradiated with an ultraviolet laser at room tem-
perature under the conditions where a combination of fre-
quency and fluence are used such that ablation will not occur.
A perovskite oxide-type oxide multilayered film in which a
perovskite oxide having a lattice constant 0of3.60 t0 4.20 A in
a simple perovskite lattice is (001) oriented on the Dion-
Jacobson oriented seed crystal layer manufactured by the
above approach similarly using Excimer Laser Assisted
Metal Organic Deposition.

The features of the present invention as described above are
summarized as follows:

(1) A method of forming an oriented Dion-Jacobson per-
ovskite-type oxide thin film, the method comprising the steps
of: forming a thin film comprising an organic metal salt or an
alkoxide salt or a amorphous thin film on a substrate, wherein
the thin film or the amorphous thin film can form a perovskite-
type oxide thin film called a Dion-Jacobson phase repre-
sented by the composition formula A(B,_M,0;,.,)
(wherein n is a natural number of 2 or greater; A represents
one or more monovalent cations selected from Na, K, Rb and
Cs; B comprises one or more components selected from a



US 9,187,842 B2

5

trivalent rare earth ion, Bi, a divalent alkaline earth metal ion
and a monovalent alkali metal ion; M comprises one or more
of Nb and Ta; and Ti, Zr may be solid soluted); maintaining
temperature between room temperature and 600° C.; allow-
ing a crystal to grow while irradiating the amorphous thin film
or the thin film comprising the organic metal salt or the
alkoxide salt on the substrate with ultraviolet light, thereby
obtaining an oriented structure in a (001) direction whichis a
layered direction where A site cations are regularly aligned in
layers on the substrate.

(2) The method of forming an oriented Dion-Jacobson
perovskite-type oxide thin film of (1), wherein the monova-
lent cation of A in the composition formula is one which can
be partly or entirely replaced with Li*, Na*, K*, Rb*, Cs*, H*,
H,0*, Cu*, Ag*, TT*, (CuX)*, (VX)*, (CrX)", MnX)*,
(FeX)*, (CoX)™", (NiX)* (wherein X represents one or more
monovalent anions selected from Cl, Br and I) by ion
exchange using common solution techniques or solid phase
techniques after manufacturing the orientated film.

(3) The method of manufacturing a (001) oriented Dion-
Jacobson perovskite-type oxide thin film of (1) or (2),
wherein the amorphous thin film is produced by any of MBE,
vacuum deposition, CVD, coating pyrolysis, and wherein an
organic compound in the film of the organic metal salt or the
alkoxide salt is one species selected from p-diketonato, long
chain alkoxide having 6 or more carbon atoms, and organic
acid salts which may include halogen.

(4) The method of manufacturing a (001) oriented Dion-
Jacobson perovskite-type oxide thin film of any one of (1) to
(3), wherein the ultraviolet light is a pulsed laser of 400 nm or
less, and a thin film with a thickness of 300 nm or less after the
film-forming crystallization is irradiated with a laser beam
having a fluence in the range between 40 and 100 mJ/cm? per
laser irradiation.

(5) The method of manufacturing a (001) oriented Dion-
Jacobson perovskite-type oxide thin film of any one of (1) to
(4), wherein after performing at least one of the steps of:
irradiating the amorphous thin film or the thin film compris-
ing the organic metal salt or the alkoxide salt with an ultra-
violet lamp; and heating the amorphous thin film or the thin
film at temperature between 300° C. and 600° C., the amor-
phous thin film or the thin film is irradiated with ultraviolet
laser at temperature between room temperature and 600° C.

(6) The method of manufacturing a (001) oriented Dion-
Jacobson perovskite-type oxide thin film of any one of (1) to
(4), wherein after irradiating the amorphous thin film or the
thin film comprising the organic metal salt or the alkoxide salt
with ultraviolet laser at room temperature under the condi-
tions where a combination of frequency and fluence are used
such that ablation will not occur, the amorphous thin film or
the thin film is irradiated at different fluences with a laser
beam having a fluence in the range between 40 and 100
mJ/cm?.

(7) A (001) oriented Dion-Jacobson perovskite-type oxide
thin film, which is produced on a amorphous glass substrate
using the method of any one of (1), (5) and (6).

(8) A (001) oriented Dion-Jacobson perovskite-type oxide
thin film, which is produced on a substrate comprising glass,
polycrystal or single-crystal using the method of any one of
(1), (5) and (6).

(9) A (001) oriented perovskite-type oxide multilayered
film, wherein a perovskite oxide having a lattice constant of
3.60 to 4.20 A in a simple perovskite lattice is (001) oriented
on an oriented seed crystal, the oriented seed crystal being the
(001) oriented Dion-Jacobson perovskite-type oxide thin film
of (7) or (8).
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(10) A method of manufacturing a LaNiOj; thin film, the
method comprising the steps of: forming, on a glass substrate,
an amorphous thin film or a thin film comprising an organic
metal salt or an alkoxide salt, the amorphous thin film or the
thin film being capable of forming LaNiO;; maintaining tem-
perature between room temperature and 600° C.; allowing a
crystal to grow while irradiating the amorphous thin film or
the thin film comprising the organic metal salt or the alkoxide
salt on the substrate with ultraviolet laser having a fluence of
90 mJ/cm” or less.

(11) A method of manufacturing a (001) oriented LaNiO;,
thin film, the method comprising the steps of: forming an
amorphous thin film or a thin film comprising an organic
metal salt or an alkoxide salt on the (001) oriented Dion-
Jacobson perovskite-type oxide thin film of (7) or (8), the
amorphous thin film or the thin film being capable of forming
LaNiO;; maintaining temperature between room temperature
and 600° C.; allowing a crystal to grow while irradiating the
amorphous thin film or the thin film comprising the organic
metal salt or the alkoxide salt on the substrate with ultraviolet
laser having a fluence of 60 mJ/cm? or less; thereby allowing
growth in a (001) orientation.

(12) A LaNiOj thin film usable as a lower electrode, which
is produced at a process temperature of 600° C. or below of
(10) or (11).

(13) A method of manufacturing a Li,Na K ,Nb,Ta,O, thin
film, the method comprising the steps of: forming, on a sub-
strate, an amorphous thin film or a thin film comprising an
organic metal salt or an alkoxide salt, the amorphous thin film
or the thin film being capable of forming [i Na K Nb Ta,O,
(wherein x+y+7=0.8 to 1.5; a+b=0.9 to 1.1; at least one of Cu,
Zn, Al, B may be doped; oxygen deficiency may exist); main-
taining temperature between room temperature and 600° C.;
allowing a crystal to grow while irradiating the amorphous
thin film or the thin film comprising the organic metal salt or
the alkoxide salt on the substrate with ultraviolet laser having
a fluence in the range between 30 and 60 mJ/cm?.

(14) A method of manufacturing a (001) oriented Li,-
Na K Nb,Ta,0; thin film, the method comprising the steps
of: forming an amorphous thin film or a thin film comprising
an organic metal salt or an alkoxide salt on the (001) oriented
Dion-Jacobson perovskite-type oxide thin film of (7) or (8),
the amorphous thin film or the thin film being capable of
forming Li,Na K Nb,Ta,O; of (13); maintaining tempera-
ture between room temperature and 600° C.; allowing a crys-
tal to grow while irradiating the amorphous thin film or the
thin film comprising the organic metal salt or the alkoxide salt
on the substrate with ultraviolet laser having a fluence in the
range between 30 and 60 mJ/cm?, thereby allowing growth in
a (001) orientation.

(15) A material for a piezoelectric body, wherein the lead-
free dielectric Li,Na K Nb,Ta,0; of (13) or (14) is produced
on a metal plate such as Pt or on the LaNiO; thin film of (12)
at a process temperature of 600° C. or below.

(16) A dielectric (001) oriented Ba,Sr,Ca,Ti,Zr,O; thin
film, wherein an amorphous thin film or a thin film compris-
ing an organic metal salt or an alkoxide salt is formed on the
(001) oriented Dion-Jacobson perovskite-type oxide thin film
of (7) or (8), the amorphous thin film or the thin film being
capable of forming Ba,Sr,Ca,Ti,Zr,O; (wherein x+y+7=0.9
to 1.1; a+b=0.9 to 1.1; and oxygen deficiency may exist);
temperature is maintained between room temperature and
600° C.; a crystal is allowed to grow while irradiating the
amorphous thin film or the thin film comprising the organic
metal salt or the alkoxide salt on the substrate with ultraviolet
laser having a fluence in the range between 50 and 100
mJ/cm?, thereby allowing growth in a (001) orientation.
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(17) A material for a piezoelectric body comprising a
dielectric (001) oriented Ba SrCa Ti,Zr,O; thin film,
wherein an amorphous thin film or a thin film comprising an
organic metal salt or an alkoxide salt is formed on an electrode
of'the (001) oriented L.aNiOj; thin film of (11), the amorphous
thin film or the thin film being capable of forming Ba, Sr,Ca,-
Ti, Zr,0; (wherein x+y+z=0.9 to 1.1; a+b=0.9 to 1.1; and
oxygen deficiency may exist); temperature is maintained
between room temperature and 600° C.; a crystal is allowed to
grow while irradiating the amorphous thin film or the thin film
comprising the organic metal salt or the alkoxide salt on the
substrate with ultraviolet laser having a fluence in the range
between 50 and 100 mJ/cm?, thereby allowing growth in a
(001) orientation.

(18) A (001) oriented perovskite-type oxide phosphor thin
film which is obtained by; forming a thin film of a metal oxide
or an organic metal salt capable of forming the metal oxide on
the (001) oriented Dion-Jacobson perovskite-type oxide thin
film of (7) or (8), the metal oxide being a metal oxide repre-
sented by the composition formulae ABO;, A,BO,, A;B,0,
to which at least one element selected from the group con-
sisting of Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu
is added, wherein A is an alkaline earth metal element
selected from Ca, Sr, Ba, and B is a metal element selected
from Ti, Sn; maintaining temperature between room tempera-
ture and 600° C.; allowing a crystal to grow while irradiating
the formed thin film of the metal oxide or the organic metal
salt with ultraviolet laser.

(19) A method of manufacturing an oriented Dion-Jacob-
son perovskite-type oxide thin film, the method comprising
the steps of: forming, on a substrate, an amorphous thin film
or a thin film comprising an organic metal salt or an alkoxide
salt, the amorphous thin film or the thin film being capable of
forming AB,M;0,, having a Dion-Jacobson phase repre-
sented by the composition formula A(B,,_,M,0;,,,,)of (1)or
(2) wherein n=3; maintaining temperature between room
temperature and 600° C.; allowing a crystal to grow while
irradiating the amorphous thin film or the thin film compris-
ing the organic metal salt or the alkoxide salt on the substrate
with ultraviolet laser having a fluence of 100 mJ/cm? or more,
thereby allowing orientation in a (100) direction orthogonal
to a layered direction where A site cations are regularly
aligned in layers on the substrate.

(20) A (001) oriented anatase-type titanium oxide thin film,
wherein an anatase-type titanium oxide (TiO,: a dissimilar
metal may be doped in a Ti site, and an oxygen site may be
deficient or doped with S and N) is formed on an oriented seed
crystal, the oriented seed crystal being the (001) oriented
Dion-Jacobson perovskite-type oxide thin film of (7) or (8);
thereby enabling a (001) orientation in the case where a lattice
plane of the tetragonal square lattice for the anatase-type
titanium oxide is taken as an ab plane.

(21) A photocatalytic material comprising the (001) ori-
ented anatase-type titanium oxide thin film of (20).

(22) A (001) oriented perovskite-type AgNbO; thin film,
which is obtained by: forming, on an oriented seed crystal, an
amorphous thin film or a thin film comprising an organic
metal salt or an alkoxide salt, the oriented seed crystal being
the (001) oriented Dion-Jacobson perovskite-type oxide thin
film of (7) or (8), and the amorphous thin film or the thin film
being capable of forming AgNbO; (wherein alkaline earth
ions and/or an rare earth ions may be solid soluted at Ag sites,
and one or more of Ti, Zr, Ta may be solid soluted at Nb sites);
maintaining temperature between 700° C. and 950° C. for
crystallization.

(23) A photocatalytic material comprising the (001) ori-
ented perovskite-type AgNbOj thin film of (22).
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(24) A (100) oriented A WO, thin film, which is obtained
by: forming, on an oriented seed crystal, an amorphous thin
film or a thin film comprising an organic metal salt or an
alkoxide salt, the oriented seed crystal being the (001) ori-
ented Dion-Jacobson perovskite-type oxide thin film of (7) or
(8), and the amorphous thin film or the thin film being capable
of forming A WO, (wherein alkali metal ions and/or protons
may be solid soluted at A, and x is in the range between 0 and
0.4); maintaining temperature between 400° C. and 900° C.
for crystallization.

The present invention makes it possible to obtain various
high performance (001) oriented perovskite oxide thin films
formed in the (001) orientation on a Dion-Jacobson perovs-
kite thin film, the Dion-Jacobson perovskite thin film being a
(001) oriented seed crystal thin film efficiently produced on a
non-oriented substrate such as a glass and a polycrystalline
substrate at low temperature in a fashion suitable for large-
scale production, which was previously not possible.

Moreover, according to the present invention, even in the
case where various perovskite-type oxide thin films are
directly formed without providing an oriented Dion-Jacobson
perovskite-type oxide thin film on a substrate, a perovskite-
type oxide thin film expected to show high performance and
alayered thin film material thereof can be formed at a process
temperature of 700 degrees or below.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows a model of the crystal structure of a perovs-
kite type oxide (ABO;).

FIG. 2 shows a model of the crystal structure of a Dion-
Jacobson perovskite-type oxide (ABM,0,).

FIG. 3 shows an X-ray diffraction pattern of a (001) ori-
ented RbLaNb,O, thin film produced on an alkaline-free
glass substrate.

FIG. 4 shows X-ray diffraction patterns of a SrTiO; thin
film produced in layers on a (001) oriented RbL.aNb,O,, thin
film on an alkaline-free glass substrate, and a SrTiO, thin film
produced without the seed crystal layer (Subscripts R and S
represent RbLaNb,O, and SrTiO;, respectively).

DETAILED DESCRIPTION OF THE INVENTION

One preferred mode for carrying out the present invention
is a method of manufacturing a (001) oriented perovskite thin
film, the method comprising the steps of: applying a solution
of an organic compound of a metal on a support; emitting
ultraviolet light such as ultraviolet laser at each of a drying
step, a pre-calcining step and a main-calcining step, wherein
the solution of the organic compound of the metal forms a
(001) oriented Dion-Jacobson perovskite seed crystal thin
film and a (001) oriented perovskite thin film layered thereon.

Ultraviolet light used in the present invention may include
excimer laser, which is a pulsed laser beam. Excimer laser can
be selected from ArF, KrF, XeCl, XeF, F, and the like which
have a wavelength of 400 nm or less. Irradiation with ultra-
violet light may be performed during a predetermined step,
before and/or after each step, depending on the purpose.
Further, a film having a large area can also be produced by
spin coating a solution of an organic compound of a metal on
a substrate; drying and pre-calcining the substrate in a ther-
mostated bath at 130° C. to remove solvent; and then scanning
the substrate with ultraviolet laser irradiation.

According to the present invention, in order to allow a
perovskite-type oxide on a substrate to be (001) oriented,
firstly, a (001) oriented Dion-Jacobson perovskite seed crys-
tal thin film is produced on the substrate.
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A Dion-Jacobson perovskite-type oxide is represented by
the composition formula A(B,,_;M,O;, ;) (wherein n is a
natural number of 2 or greater; A represents one or more
monovalent cations selected from Na, K, Rb and Cs; B com-
prises one or more components selected from a trivalent rare
earth ion, Bi, a divalent alkaline earth metal ion and a
monovalent alkali metal ion; M comprises one or more of Nb
and Ta; and Ti and Zr may be solid soluted). Representative
examples include RbLaNb,O, having a structure shown in
FIG. 2.

The trivalent rare earth ions of B in the above composition
formula preferably include La, Pr, Y and Sc, and the divalent
alkaline earth metal ions preferably include Ca, Sr and Ba,
respectively.

In order to form a Dion-Jacobson perovskite-type oxide of
the above composition formula on a substrate, an amorphous
thin film capable of creating this composition is formed on the
substrate. Methods of forming the amorphous thin film
include MBE, vacuum deposition, CVD, coating pyrolysis.
Coating pyrolysis is preferred because it has few limitations
in film-forming atmosphere and easily used for a film having
a large area.

The coating pyrolysis method uses a precursor solution
coating approach based on a chemical solution method
including the spin coating method, the dip method, the spray
method and the ink-jet method. In the coating pyrolysis
method, an amorphous thin film is formed by coating a solu-
tion of a metal organic compound capable of creating the
above composition on a substrate by the spin coating method,
a coating method such as spraying and the ink-jet method;
drying the substrate; and then decomposing an organic com-
ponent in the metal organic compound. The metal organic
compounds preferably include organic metal salts and alkox-
ide salts, and organic compounds thereof include p-diketo-
nato, long chain alkoxides having 6 or more carbon atoms and
organic acid salts which may contain halogen. Such organic
acids include 2-ethylhexanoic acid, naphthenic acid, caprylic
acid and stearin acid. An organic component in the metal
organic compound can be decomposed by, for example, pre-
calcination by heating and maintaining at temperature
between 300 and 600° C., and irradiation with ultraviolet light
using an ultraviolet lamp, and the like.

The amorphous thin film formed on the substrate is crys-
tallized at temperature (of a substrate or atmosphere) between
room temperature and 600° C. (preferably 300 to 500° C.) by
irradiation with ultraviolet light such as ultraviolet laser to
form a (001) oriented Dion-Jacobson perovskite-type oxide
thin film. There is no particular limitation in the atmosphere
under which irradiation is performed with ultraviolet light.
Theirradiation can be performed under air atmosphere. Ultra-
violet light such as ultraviolet laser used in crystallization can
be used to perform both the decomposition of an organic
component in the metal organic compound and the subse-
quent crystallization. The Dion-Jacobson perovskite-type
oxide thin film has a thickness of any values as long as an
oxide thin film to be formed thereon will be well oriented, but
the thickness may generally be 10 to 400 nm, and preferably
20 to 100 nm to obtain a well oriented state.

After forming an oriented Dion-Jacobson perovskite-type
oxide thin film on a substrate, various perovskite-type oxide
thin films corresponding to a desired application and property
are formed on the oriented Dion-Jacobson perovskite-type
oxide thin film. Any types of perovskite-type oxides can be
used for this purpose, for example, including those to serve as
any of a dielectric substance, a piezoelectric body, a phosphor
or the like. Specifically, they include LaNiO;, Li,Na K Nb,,-
Ta,0; (x+y+z=0.8 to0 1.5; a+b=0.9 to 1.1; and at least one of
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Cu, Zn, Al and B may be doped; oxygen deficiency may
exist), Ba, Sr,Ca, Ti Zr,O; (x+y+z=0.9to 1.1; a+b=0.9to 1.1;
and oxygen deficiency may exist) and those having a lattice
constant of 3.60 to 4.20 A in a simple perovskite lattice.

This perovskite-type oxide thin film will be highly oriented
by using an oriented Dion-Jacobson perovskite-type oxide
thin film as a seed crystal layer even if a non-oriented sub-
strate such as a glass and a polycrystalline substrate is used.
According to the present invention, a perovskite-type oxide
thin film having the degree of orientation of 0.9 or more, in
some cases, 0.95 or more and close to 1 in terms of the
Lotgering factor.

This perovskite-type oxide thin film can be formed by the
same way as the method of forming an oriented Dion-Jacob-
son perovskite-type oxide thin film. That is, an amorphous
thin film capable of creating the composition of this perovs-
kite-type oxide is formed on an oriented Dion-Jacobson per-
ovskite-type oxide thin film by MBE, vacuum deposition,
CVD, coating pyrolysis and the like. In the case of coating
pyrolysis, an amorphous thin film is formed by applying a
solution of a metal organic compound capable of creating the
above composition on a substrate; drying the substrate; and
then decomposing an organic component in the metal organic
compound by pre-calcination, irradiation with ultraviolet
light and the like. An amorphous thin film formed on the
orientated Dion-Jacobson perovskite-type oxide thin film is
crystallized by irradiation with ultraviolet light such as ultra-
violet laser at temperature between room temperature and
600° C. (preferably, 300 to 500° C.) to from a (001) oriented
perovskite-type oxide thin film, resulting in the formation of
an oriented layered thin film on a substrate.

According to the method of forming a perovskite-type
oxide thin film comprising the steps of: forming an amor-
phous thin film by coating pyrolysis as described above; and
allowing a crystal to grow by irradiating the amorphous thin
film with ultraviolet light such as ultraviolet laser at tempera-
ture between room temperature and 600° C. (preferably 300
to 500° C.), a perovskite-type oxide thin film expected to
show high performance and a layered thin film material
thereof can be manufactured on a substrate at a process tem-
perature of 700° C. or below. Therefore, even in the case
where various perovskite-type oxide thin films are directly
formed without an oriented Dion-Jacobson perovskite-type
oxide thin film provided on a non-oriented substrate such as a
glass and a polycrystalline substrate, a perovskite-type oxide
thin film expected to show a good property and a layered thin
film material thereof can be formed at a process temperature
ot 700° C. or blow, preferably 600° C. or blow, more prefer-
ably 500° C. or blow, although a high degree of orientation
may not be obtained.

(Experimental Examples)

It was found that crystallization was promoted, and a (001)
oriented thin film having a thickness of about 60 nm was
obtained by applying and drying a solution of a metal organic
compound capable of creating the composition RbL.aNb,O,
on a glass substrate; and then performing pre-calcination to
decompose an organic component in the organic compound
of the metal at 400° C.; and then radiating excimer laser
having an energy of 60 mJ/cm? at temperature of 400° C. or
below (FIG. 3). When a SrTiOj; thin film was formed on the
resulting (001) oriented RbLaNb, O, thin film similarly using
the Excimer Laser Assisted Metal Organic Deposition
method, crystal growth was selectively promoted from the
surface of the RbL.aNb,O, thin film, and a (001) oriented
SrTi0O; thin film was also successfully obtained (FIG. 4).

Even by the method of growing a Dion-Jacobson phase
using Excimer Laser Assisted Metal Organic Deposition
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(Patent Literature 6), a (001) oriented thin film could not be
obtained unless an irradiation energy was optimized for the
final thickness. However, when a thin film having a final
thickness of 20 to 100 nm was irradiated at a laser fluence in
the range between 40 and 100 ml/cm? a Dion-
Jacobson.RbLaNb,O, thin film could be obtained which was
oriented almost 100% in a (001) direction. For the Excimer
Laser Assisted Metal Organic Deposition method, in the case
where a seed crystal was present, crystal growth selectively
started there, and therefore a perovskite thin film formed in
the seed crystal thin film obtained also presumably grew in a
(001) orientation. A substrate material may be crystalline or
glass. Because all steps can be performed at temperature of
400° C. or below in the present method, processing can be
performed on an industrial glass substrate and a Si substrate,
a material of which has low thermal tolerance.

Note that the conditions of laser fluence for obtaining a
well oriented thin film may need to be adjusted, depending on
the conditions of temperature (the temperature of a substrate
or atmosphere) upon irradiation, but the conditions of fluence
suitable for obtaining a well oriented thin film will be appar-
ent from the description in Examples and Reference
Examples below.

EXAMPLES

Specific examples of the present invention are shown and
described in detail below. However, the present invention is
not limited to these Examples. Substrates used in Example of
the present invention were alkaline-free glass substrates and
polycrystalline Pt substrates, and a solution of a raw material
was a toluene solution of 2-ethylhexanoate of a correspond-
ing metal to be introduced. KrF excimer laser was used for
ultraviolet light irradiation.

Example 1

A solution (C1) was prepared by mixing, in a solution of
rubidium 2-ethylhexanoate, a solution of lanthanum 2-ethyl-
hexanoate and a solution of niobium 2-ethylhexanoate in a
metal ratio of 1:1:2. The C1 solution was spin coated on an
alkaline-free glass substrate at 4000 rpm for 10 seconds,
which was then pre-calcined at 400° C. for 10 minutes. A
temperature of the substrate was then maintained at 400° C.,
and KrF pulsed laser was radiated at a fluence of 60 mJ/cm?>
(50 Hz) for 3 minutes in air atmosphere. For the thin film
produced in this manner, a (001) oriented RbLaNb,O, thin
film was grown only at the irradiated area. The Lotgering
factor for the (001) orientation was close to 1.

Example 2

In Example 1, when a laser beam was radiated at a fluence
of 50 mJ/cm?, a (001) oriented RbLaNb,O, thin film was
grown only at the irradiated area. The Lotgering factor for the
(001) orientation was close to 1.

Example 3
In Example 1, when a laser beam was radiated at a fluence
of 70 mJ/cm?, a (001) oriented RbLaNb,O, thin film was
grown only at the irradiated area. The Lotgering factor for the
(001) orientation was close to 1.

Example 4

In Example 1, when the pre-calcination temperature was
set to 300° C., a (001) oriented RbL.aNb,O,, thin film was
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grown only at the laser irradiated area. The Lotgering factor
for the (001) orientation was close to 1.

Example 5

In Example 1, when the pre-calcination temperature was
set to 600° C., a (001) oriented RbLaNb,O, thin film was
grown only at the laser irradiated area. The Lotgering factor
for the (001) orientation was close to 1.

Example 6

InExample 1, when the substrate temperature at the time of
laser radiation was set to 500° C., a (001) oriented
RbLaNb,O, thin film was grown only at the laser irradiated
area. The Lotgering factor for the (001) orientation was close
to 1.

Example 7

In Example 1, when the alkaline-free glass substrate was
replaced with a glass substrate on the surface of which poly-
crystalline Pt was sputtered, a (001) oriented RbLaNb,O,
thin film was grown only at the laser irradiated area.

Example 8

A solution (C2) was prepared by mixing a solution of
titanium 2-ethylhexanoate in a solution of strontium 2-ethyl-
hexanoate in a metal ratio of 1:1. The C2 solution was spin
coated on the (001) oriented RbLaNb,O, thin film produced
in Example 1 at 4000 rpm for 10 seconds, which was then
pre-calcined at 400° C. for 10 minutes. A temperature of the
substrate was then maintained at 400° C., and KrF pulsed
laser was radiated at a fluence of 75 mJ/em® (50 Hz) for 3
minutes in air atmosphere. For the multilayered thin film
produced in this manner, a (001) oriented SrTiO; thin film
was grown only at the irradiated area. The Lotgering factor
for the (001) orientation was 0.98.

Example 9

To a solution of lanthanum 2-ethylhexanoate, a solution of
nickel 2-ethylhexanoate was mixed in a metal ratio of 1:1 to
prepare a solution (C3). The C3 solution was spin coated on
an alkaline-free glass substrate at 4000 rpm for 10 seconds,
which was then pre-calcined at 400° C. for 10 minutes. A
temperature of the substrate was then maintained at 400° C.,
and KrF pulsed laser was radiated at a fluence of 85 mJ/cm?
(50 Hz) for 3 minutes in air atmosphere. For the film produced
in this manner, a LaNiO; thin film which showed an electric
resistivity of 4.42x107> Q-cm was grown only at the irradi-
ated area.

Example 10

The C3 solution was spin coated on the (001) oriented
RbLaNb,O; thin film produced in Example 1 at 4000 rpm for
10 seconds, which was then pre-calcined at 400° C. for 10
minutes. A temperature of the substrate was then maintained
at400° C., and KrF pulsed laser was radiated at a fluence of 50
ml/cm® (50 Hz) for 3 minutes in air atmosphere. For the
multilayered film produced in this manner, a (001) oriented
LaNiO; thin film which showed an electric resistivity of
1.02x107> Q-cm was grown only at the irradiated area. The
Lotgering factor for the (001) orientation was 0.97.
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Example 11

To a solution of sodium 2-ethylhexanoate, a solution of
potassium 2-ethylhexanoate and a solution of niobium 2-eth-
ylhexanoate were mixed in a metal ratio of 1:1:2 to prepare a
solution (C4). The C4 solution was spin coated on the LaNiO;
thin film produced in Example 9 at 4000 rpm for 10 seconds,
which was then pre-calcined at 400° C. for 10 minutes. A
temperature of the substrate was then maintained at 400° C.,
and KrF pulsed laser was radiated at a fluence of 45 mJ/cm?>
(50 Hz) for 3 minutes in air atmosphere. For the multilayered
film produced in this manner, a dielectric Na,, ;K sNbO; thin
film was grown only at the irradiated area

Example 12

The C4 solution was spin coated on the (001) oriented
LaNiO; thin film produced in Example 10 at 4000 rpm for 10
seconds, which was then pre-calcined at 400° C. for 10 min-
utes. A temperature of the substrate was then maintained at
400° C., and KrF pulsed laser was radiated at a fluence of 45
ml/cm® (50 Hz) for 3 minutes in air atmosphere. For the
multilayered film produced in this manner, a dielectric (001)
oriented Na,, sK, sNbOj; thin film was grown only at the irra-
diated area. The Lotgering factor for the (001) orientation was
0.93.

Example 13

To a solution of barium 2-ethylhexanoate, a solution of
strontium 2-ethylhexanoate, a solution of calcium 2-ethyl-
hexanoate and a solution of titanium 2-ethylhexanoate were
mixed in a metal ratio of 0.693:0.077:0.23:1 to prepare a
solution (C5). The C5 solution was spin coated on the (001)
oriented RbL.aNb, O, thin film produced in Example 1 at 4000
rpm for 10 seconds, which was then pre-calcined at 400° C.
for 10 minutes. A temperature of the substrate was then main-
tained at 400° C., and KrF pulsed laser was radiated at a
fluence of 75 mJ/cm? (50 Hz) for 3 minutes in air atmosphere.
For the multilayered film produced in this manner, a dielectric
(001) oriented (Ba, 5Sr ;) 77Cag 55 T10; thin film was grown
only at the irradiated area. The Lotgering factor was 0.95.

Example 14

To a solution of calcium 2-ethylhexanoate, a solution of
strontium 2-ethylhexanoate, a solution of praseodymium
2-ethylhexanoate and a solution of titanium 2-ethylhexanoate
were mixed in a metal ratio 0£0.648:0.349:0.002:1 to prepare
a solution (C6). The C6 solution was spin coated on the (001)
oriented RbL.aNb, O, thin film produced in Example 1 at 4000
rpm for 10 seconds, which was then pre-calcined at 400° C.
for 10 minutes. A temperature of the substrate was then main-
tained at 400° C., and KrF pulsed laser was radiated at a
fluence of 65 mJ/cm? (50 Hz) for 3 minutes in air atmosphere.
For the multilayered film produced in this manner, a phosphor
(001) oriented (Cag 551 35)0.097P10.021105 thin film was
grown only at the irradiated area, showing red fluorescence.
The Lotgering factor was 0.98.

Example 15

To a solution of rubidium 2-ethylhexanoate, a solution of
calcium 2-ethylhexanoate and a solution of niobium 2-ethyl-
hexanoate were mixed in a metal ratio of 1:2:3 to prepare a
solution (C7). The C7 solution was spin coated on a quartz
glass substrate at 4000 rpm for 10 seconds, which was then
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pre-calcined at 400° C. for 10 minutes. A temperature of the
substrate was then maintained at 400° C., and KrF pulsed
laser was radiated at a fluence of 110 mJ/cm? (50 Hz) for 3
minutes in air atmosphere. For the film produced in this
manner, a (100) oriented RbCa,Nb;O,, thin film was grown
only at the irradiated area. The Lotgering factor for the (100)
orientation was close to 1.

Example 16

A solution of titanium 2-ethylhexanoate was diluted with
toluene to a Ti concentration of 0.2 M to prepare a solution
(C8). The CS8 solution was spin coated on the (001) oriented
RbLaNb,O, thin film produced in Example 1 at 4000 rpm for
10 seconds, which was then pre-calcined at 300° C. for 10
minutes. A temperature of the substrate was then maintained
at 700° C. for crystallization. The titanium oxide thin film
produced in this manner became an anatase type and showed
a(001) orientation. The Lotgering factor (alattice plane of the
tetragonal square lattice for the anatase-type titanium oxide is
taken as an ab plane) was 0.92. The obtained (001) oriented
anatase-type titanium oxide thin film showed an photocata-
Iytic activity, and decomposition of methylene blue was
observed under ultraviolet irradiation.

Example 17

Silver 2-ethylhexanoate was dissolved in toluene, pyridine
and propionic acid, and a solution of niobium 2-ethylhex-
anoate, a solution of strontium 2-ethylhexanoate and a solu-
tion of titanium 2-ethylhexanoate were mixed in a metal ratio
of Ag:Sr:Nb:Ti=0.75:0.25:0.75:0.25 to prepare a solution
(C9). The C9 solution was spin coated on the (001) oriented
RbLaNb,O; thin film produced in Example 1 at 4000 rpm for
10 seconds, which was then pre-calcined at 400° C. for 10
minutes. A temperature of the substrate was then maintained
at 900° C. for crystallization. The Ag, ;5Sr, ,sNbg 55 Tig 5505
thin film produced in this manner showed a (001) orientation.
The Lotgering factor was 0.96.

Example 18

Tungsten ethoxide was dissolved in ethanol to prepare a
solution (C10). The C10 solution was spin coated on the (001)
oriented RbL.aNb, O, thin film produced in Example 1 at 4000
rpm for 10 seconds, which was then pre-calcined at 300° C.
for 10 minutes. A temperature of the substrate was then main-
tained at 500° C. for crystallization. The Rb, ,s WO, thin film
produced in this manner showed a (100) orientation.

Reference Example 1

In Example 1, when the substrate temperature was 400° C.,
laser irradiation at a fluence of 40 mJ/cm? did not promote
crystal growth enough to allow a RbLaNb,O, thin film to be
crystallized at the irradiated area.

Reference Example 2
In Example 1, laser irradiation at a fluence of 110 mJ/cm?
slightly allowed a RbL.aNb,O, thin film to grow at the irra-
diated area with poor crystallization and a poor degree of the
(001) orientation.

Reference Example 3

In Example 9, when the substrate temperature was 400° C.,
laser irradiation at a fluence of 60 mJ/cm? or 100 mJ/cm?
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could reduce the electric resistivity of the L.aNiO; thin film
generated at the irradiated area merely down to about 1.00x
107! Q-cm.

Reference Example 4

In Example 10, when the substrate temperature was 400°
C., laser irradiation at a fluence of 30 mJ/cm? or 70 mJ/cm?
could reduce the electric resistivity of the LaNiO; thin film
generated at the irradiated area merely down to about 1.00x
107! Q-cm.

Reference Example 5

In Example 11, when the substrate temperature was 400°
C., laser irradiation at a fluence of 30 mJ/cm? or less could not
allow the Na, K, sNbO; thin film to be effectively crystal-
lized.

Reference Example 6

In Example 12, laser irradiation at a fluence of 80 mJ/cm?
or more could not allow the Na, ;K sNbOj thin film crystal-
lized at the irradiated area to be (001) oriented.

The perovskite-type oriented layered material manufac-
tured according to the present invention is highly oriented and
expected to show high performance. It can be widely used as
various electronic materials such as dielectric substances,
piezoelectric bodies and phosphors.

The invention claimed is:

1. A method of manufacturing an oriented Dion-Jacobson
perovskite-type oxide thin film, the method comprising the
steps of: forming a thin film comprising an organic metal salt
or an alkoxide salt or an amorphous thin film on a substrate,
wherein the thin film or the amorphous thin film can form a
perovskite-type oxide called a Dion-Jacobson phase repre-
sented by the composition formula A(B M,,_,0;,,,; )(wherein
nis a natural number of 2 or greater; A represents one or more
monovalent cations selected from Na, K, Rb and Cs; B com-
prises one or more components selected from a trivalent rare
earth ion, Bi, a divalent alkaline earth metal ion and a
monovalent alkali metal ion; M comprises one or more of Nb
and Ta; Ti, Zr may be solid soluted); maintaining temperature
between room temperature and 600° C.; allowing a crystal to
grow while irradiating the amorphous thin film or the thin film
comprising the organic metal salt or the alkoxide salt on the
substrate with ultraviolet light, thereby obtaining an oriented
structure in a (001) direction which is a layered direction
where A site cations are regularly aligned in layers on the
substrate.

2. The method of manufacturing a (001) oriented Dion-
Jacobson perovskite-type oxide thin film according to claim
1, wherein the amorphous thin film is produced by any of
MBE, vacuum deposition, CVD, coating pyrolysis, and
wherein an organic compound in the film of the organic metal
salt or the alkoxide salt is one species selected from p-dike-
tonato, long chain alkoxide having 6 or more carbon atoms
and organic acid salts which may contain halogen.

3. The method of manufacturing a (001) oriented Dion-
Jacobson perovskite-type oxide thin film according to claim
1, wherein the ultraviolet light is a pulsed laser of 400 nm or
less, and a thin film with a thickness of 300 nm or less after the
film-forming crystallization is irradiated with a laser beam
having a fluence in the range between 40 and 100 mJ/cm? per
laser irradiation.

4. The method of manufacturing a (001) oriented Dion-
Jacobson perovskite-type oxide thin film according to claim
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1, wherein after performing at least one of the steps of: irra-
diating the amorphous thin film or the thin film comprising
the organic metal salt or the alkoxide salt with an ultraviolet
lamp; and heating the amorphous thin film or the thin film at
temperature between 300° C. and 600° C., the amorphous
thin film or the thin film is irradiated with ultraviolet laser at
temperature between room temperature and 600° C.
5. The method of manufacturing a (001) oriented Dion-
Jacobson perovskite-type oxide thin film according to claim
1, wherein after irradiating the amorphous thin film or the thin
film comprising the organic metal salt or the alkoxide salt
with ultraviolet laser at room temperature under the condi-
tions where a combination of frequency and fluence are used
such that ablation will not occur, the amorphous thin film or
the thin film is irradiated at different fluences with a laser
beam having a fluence in the range between 40 and 100
mJ/cm?.
6. The method according to claim 1, wherein the substrate
is selected from the group consisting of an amorphous glass
substrate, a glass substrate, a polycrystal substrate, and a
single-crystal substrate.
7. The method according to claim 6, further comprising the
steps of:
forming an amorphous thin film or a thin film comprising
an organic metal salt or an alkoxide salt on the (001)
oriented Dion-Jacobson perovskite-type oxide thin film,
the amorphous thin film or the thin film comprising the
organic metal salt or the alkoxide salt formed on the
(001) oriented Dion-Jacobson perovskite-type oxide
thin film being capable of forming [.aNiO;;

maintaining temperature between room temperature and
600° C.; and

allowing a crystal to grow while irradiating the amorphous

thin film or the thin film comprising the organic metal
salt or the alkoxide salt and capable of forming LaNiO,
with ultraviolet laser having a fluence of 60 mJ/cm® or
less, thereby allowing growth in a (001) orientation and
formation of a (001) oriented L.aNiO; thin film on the
(001) oriented Dion-Jacobson perovskite-type oxide
thin film.

8. The method according to claim 6, further comprising the
steps of:

forming an amorphous thin film or a thin film comprising

an organic metal salt or an alkoxide salt on the (001)
oriented Dion-Jacobson perovskite-type oxide thin film,
the amorphous thin film or the thin film comprising the
organic metal salt or the alkoxide salt formed on the
(001) oriented Dion-Jacobson perovskite-type oxide
thin film being capable of forming Li,Na K Nb, Ta,0;
where 0.8<x+y+z<1.5 and 0.9<a+b<1.1;

maintaining temperature between room temperature and

600° C.; and

allowing a crystal to grow while irradiating the amorphous

thin film or the thin film comprising the organic metal
salt or the alkoxide salt and capable of forming Li -
Na K Nb,Ta,0; with ultraviolet laser having a fluence
in a range between 30 and 60 mJ/cm?, thereby allowing
growth in a (001) orientation and formation of a (001)
oriented Li,Na K Nb,Ta,O; thin film on the (001) ori-
ented Dion-Jacobson perovskite-type oxide thin film.

9. The method according to claim 8, wherein the (001)
oriented Li Na K Nb Ta,O, thin film is doped with at least
one of Cu, Zn, Al, and B.

10. The method according to claim 8, wherein the (001)
oriented LiNa K Nb,Ta,0; thin film has an oxygen defi-
ciency.
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11. The method according to claim 6, further comprising
the steps of:
forming an amorphous thin film or a thin film comprising
an organic metal salt or an alkoxide salt on the (001)
oriented Dion-Jacobson perovskite-type oxide thin film,
the amorphous thin film or the thin film comprising the
organic metal salt or the alkoxide salt formed on the
(001) oriented Dion-Jacobson perovskite-type oxide
thin film being capable of forming Ba,Sr Ca Ti, Zr,0;
where 0.9<x+y+z<1.1 and 0.9<a+b<1.1;
maintaining temperature between room temperature and
600° C.; and
allowing a crystal to grow while irradiating the amorphous
thin film or the thin film comprising the organic metal
salt or the alkoxide salt and capable of forming Ba,Sr,-
Ca,Ti,Zr, O, with ultraviolet laser having a fluence in a
range between 50 and 100 mJ/cm?®, thereby allowing
growth in a (001) orientation and formation of a (001)
oriented Ba,Sr,Ca,Ti,Zr,0; thin film on the (001) ori-
ented Dion-Jacobson perovskite-type oxide thin film.
12. The method according to claim 11, wherein the (001)
oriented Ba,Sr,Ca,Ti, Zr,0; thin film has an oxygen defi-
ciency.
13. The method according to claim 7, further comprising
the steps of:
forming an amorphous thin film or a thin film comprising
an organic metal salt or an alkoxide salt on the (001)
oriented LaNiO; thin film, the amorphous thin film or
the thin film comprising the organic metal salt or the
alkoxide salt formed on the (001) oriented LaNiO, thin
film being capable of forming Ba,Sr,Ca,Ti,Zr,O;where
0.9<x+y+z<1.1 and 0.9<a+b<1.1;
maintaining temperature between room temperature and
600° C.; and
allowing a crystal to grow while irradiating the amorphous
thin film or the thin film comprising the organic metal
salt or the alkoxide salt and capable of forming Ba,Sr,-
Ca,Ti, Zr, 05 with ultraviolet laser having a fluence in a
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range between 50 and 100 mJ/cm?, thereby allowing
growth in a (001) orientation and formation of a (001)
oriented Ba,Sr,Ca,Ti,Zr,0; thin film on the (001) ori-
ented LaNiOj; thin film.

14. The method according to claim 13, wherein the (001)
oriented Ba,Sr,Ca,Ti, Zr,0; thin film has an oxygen defi-
ciency.

15. The method according to claim 6, further comprising
the steps of:

forming a thin film of a metal oxide or an organic metal salt

on the (001) oriented Dion-Jacobson perovskite-type
oxide thin film, the thin film of the metal oxide or the
organic metal salt formed on the (001) oriented Dion-
Jacobson perovskite-type oxide thin film being capable
of forming a metal oxide represented by a composition
formulae ABO;, A,BO,, A;B,0, to which at least one
element selected from the group consisting of Ce, Pr,
Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu is added,
wherein A is an alkaline earth metal element selected
from Ca, Sr and Ba, and B is a metal element selected
from Ti and Sn;

maintaining temperature between room temperature and

600° C.; and

allowing a crystal to grow while irradiating the formed thin

film of the metal oxide or the organic metal salt with
ultraviolet laser, thereby allowing growth in a (001)
orientation and formation of a (001) perovskite-type
oxide phosphor thin film on the (001) oriented Dion-
Jacobson perovskite-type oxide thin film.

16. The method according to claim 1, wherein n=3 and the
Dion-Jacobson perovskite-type oxide thin film is represented
by the composition formula of AB,M;0,,, and wherein the
ultraviolet light is provided by an ultraviolet laser having a
fluence of 100 mJ/cm? or more, thereby allowing orientation
in a (100) direction orthogonal to a layered direction where A
site cations are regularly aligned in layers on the substrate.
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